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Abstract: Microbially induced calcium carbonate precipitatiddlCCP) is a novel method for the protection
of cement-based materials. This paper deals thepaative studies on strength characteristics inrahial
cement mortars which were treateddnterobacter sp. M2 microorganism in different calcium source (calcium
hydroxide, calcium acetate, calcium chloride anidioe oxide) with various curing process. The cajlsie
phases of calcium carbonate (CafCrystals formation and the surface morphology@fent mortar were
investigated by X-ray diffraction (XRD) and scarmiaelectron microscope (SEM). Cement mortar specimen
with and without addition of bacterial species wessted and ~ 44% increase in compressive strerg89p in
tensile strength was noticed while compared to robrgpecimen (without bacteria). Surface treatmeint
specimen with bacteria resulted around ~40% deerefawater absorption and increases the resistancater
and hazard material penetration, mainly attributeils pore blocking effects. This biological sudareatment
shows promising prospect for increasing durabégpects of concrete/cement mortar.

Keywords: Calcium carbonate, Compressive strength, Tensgagth, Sorptivity, MICCP.

Introduction

Microbial calcium carbonate precipitation in a cemmortar/concrete is a complex mechanism. In eatiue
CaCQ precipitation is accompanied by biological proceBased on continuous research a number of
innovations have been made from time to time tarawe the strength and durability performance [1¢@fnent
mortar/concrete. Bacterially induced Caadd mediated mineralization is a research subjbth was
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widely studied in the past decade [2-4]. Use ofraticganism with in cement mortar/concrete leadimghie
process of bio mineralization is a potential fiefdesearch in concrete technology [5,6]. Abunddgnificance

of microbially induced calcium carbonate precipgat (MICCP) so called carbonatogenesis has put much
awareness from both basic and applied point of wegivil engineering field [7]. The CaGrecipitation is a
function of ionic strength and pH in the medium. [Bhe increase of compressive strength of mortaués to
complex interaction between the bacterium and cémetrix [6].

The presence of MICCP in the cement mortar throXi§® and scanning electron microscope (SEM) had been
analyzed and reported [9] that the crystallizattdnCaCQ as vaterite (V), aragonite (A), calcite (C). Even
though the cement mortar/concrete is relativelpregrmechanically, but it suffers by low tensileesgth,
permeability to liquid and consequent corrosionrahforcement, susceptibility to chemical attackd dow
durability. The cement mortar/concrete is not usuekpected to resist the direct tension becausiésdbw
tensile strength and brittle nature. However, tegnination of tensile strength of cement mortarécete is
necessary to determine the load at which the cementar/concrete members might crack. The preseoices
MICCP in cement mortar/concrete affect the compvesstrength and indirect split tensile strengtB-4].
The increased compressive strength and split eesiéngth was noticed while varying the cell cotiaion
[15]. The bio deposition treatment resulted inr@reased resistance of mortar specimens towartsration,
chloride infiltration and freezing—defrosting [18]1

The durability and life of cement mortar/concrgte@mens is estimated by the capillary water movesiato

it. Higher absorption of water by the specimen wohply higher damage and vice versa. The influenfce
microbial cement mortar/concrete on penetrationp@riies had been studied and analyzed [10,19]. The
bacterial treated specimens were found to haveretsistance towards chloride penetration as coedpa@
control specimenf20]. A decreased water permeability of bioremtmtlacement mortar cubes treated by
Soorosarcina pasteurii bacteria was reportddl0] along with six times reduction in absorptiohveater upon
treatment of mortar cubes wiBacillus sp. CT-5 as compared to control specimens. Somner &dltors like,
initial moisture content or saturation [21], compac [22] and curing time [23] were mostly influeng
capillary water transport. Weight loss, reductiancompressive strength, and change in dynamic medof
elasticity are used to evaluate the extent of cémmemtar/concrete deterioration due to acid attack.

A successful attempt has been made on the bionlizgian process to enhance the compressive strengt
indirect split tensile strength and durability @neent mortar/concrete by using tBeterobacter sp. M2 (EB)
microorganism in different calcium source and cginomrocess. The present work deals with the measmem
and comparison of compressive strength, indiretit ggnsile strength, acid attack and water perineat
properties of the cement mortars.

Experimental

Ordinary Portland Pozzolana Cement conforming tdl489:1991 with specific gravity of 3.1 was used to
prepare the cement mortar specimens. Locally aailalean river sand conforming to IS 650:1991 with
specific gravity 2.7 and fineness modulus 2.96 wssd as fine aggregate. The microorganism (EB) was
collected from Central Electrochemical Researchitlrie, Karaikudi, Tamilnadu which were isolated from
cooling water towers for bacterial treatment. Bdthh medium was prepared from 0.5% yeast extrab&o0
glucose and 1% calcium acetate solution and EBds@ Then the solution was shacked at 30° C (usinital
Shaker) for 3 days with 150 rpm to grow and mutifhle bacterial species (EB). After the centrifugathe
supernatant was extended to the optical densit9ni®) of 1 in UV/ VIS Spectrometer. Then 3ml of EBsv
added with B4 broth medium then it was mixed wiiffiedent bacterial culture grown sources which edamg

8g nutrient broth, 2% Urea with different calciumusces of 25mM calcium hydroxide (Ca(QH)calcium
acetate (Ca(C¥COO),) calcium chloride (CaG) and calcium oxide (CaO) respectively (represerdsd
BCGS, BCGS, BCGS and BCGg).These calcium sources were kept separately for53days to observe the
variation of pH value.
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To carry out testing procedure, each cement mepacimens were cast with 70.6 X 70.6 X 70.6mm Bize
using 98.7ml of BCGS BCGS, BCGS and BCG% along with 210g cement, 630g river sand by cenent
sand ratio of 1:3 (by weight) and water to cemetibr0.47 respectively as per IS 4031 — 1988. aniyileach
cement mortar specimens without bacterial speaisig plain calcium sources without EB) was cast fo
control specimen with above specification. Iniflalement and sand was thoroughly mixed (dry mixgnt
different bacterial cultural grown sources was adofgo mixture separately to obtain cement moriaste.
Each cube was prepared by filling the mortar ineaapty mold by 3 layers with compacted in 25 bloims.
normal curing, potable water is used for mixing anging the microbial cement mortar specimen. lo bi
curing, differentbacterial culture growth sources (BCGS) along wEBmicroorganism is used for mixing and
curing the microbial cement mortar specimen (he. microbial cement mortar specimen is immerseal i
solution of BCGM along with EB or SB).

To analyze the compressive strength of normal amduring specimens, they were individually tedbgdising
Computerized Universal Testing Machine (CUTM). Tdube specimens were placed in the machine such that
the load is applied to the opposite sides (noheotop and bottom). The axis of the specimen wasfdéy
aligned with the centre of the thrust of the sptadly seated platen without any backing materialbetween
specimen and steel platen of the testing machinen the load was applied gradually without shodkeatrate

of 140kg/cn¥min until the resistance of the specimen to tlegasing load breaks down. The maximum given
load to the specimen was recorded. The test wasategp with regular intervals (7, 14, 21 and 28 Yaysl
experimentally recorded compressive strength ifeidiht curing process of the cubic specimen wad didxl.

The splitting tests are well known indirect tessedito determine the tensile strength of cementamior
concrete.

The specimen cylinder (50mm diameter and 100mmtigmgere prepared from the mixture of cement talsan
ratio 1:3 (by weight) and water to cement ratio/0aé per IS 4031 — 1988 along with three layersh &aving
25 blows. The test consisted of applying a compredse load along the opposite generators of ecispen
placed with its axis horizontal between the comgivesplatens. To prevent multiple cracking and loiug at
the points of load applied, the load was distriduteough two bearing strips whose width is b (bn89).

To calculate the sorptivity coefficient the diffatenormal, bio cured specimens (50mm diameter &tinin
length of cylinder) were dried at 100°C in a veatgld oven after curing of 28 days. Then the spatsmeere
coated with two layers of water proof resin of 189081 at all outer surfaces except top and bottorthef
cylindrical specimen to ensure unidirectional apson through the non treated side. The specimesie w
submerged to 5mm of water with the non treated &idimg downward while the water level approximat2l
mm above the base of the specimen. At regular itieevals (15 min, 30 min; 1 h, 1.5 h, 3 h, 5,824 h, 72
h, 96 h, 120 h, 144 h, and 168 h), the specimems vegnoved from the water and weighed after dryirgy
surface with a wet towel. Immediately after the mgament, the test specimens were sunken agagntinge
the observation to obtain saturated value of wafétration.

I nstrumentations

Optical density of the B4 broth medium was analybgdusing Lambda 35 UV/VIS spectrometer (Perkin
Elmer- USA). The sophisticated instruments likerrf@ orbital Shaker (model: 420, S.N0:13500-1712),
Thermo Electron Corporation (Hong Kong) LTD and @uterized Universal Testing Machine (CUTM) with
capacity of 1000kN, accuracy of 0.1kN, Fine Sprassdéciates & Engineering PVT. Ltd, Maharashtra, dndi
was used to grow the microorganism and to analises compressive strength of cement mortar cubes
respectively. Micro structure of the specimen (fation of calcium carbonate) was analyzed with high
resolution (3.0 nm-30kV) JSM-6390 Scanning Electkdicroscope (SEM), USA with magnification of 5 to
300,000. The elemental analysis was carried ouh WiRD 6000 Shimadzu- Japan. Water absorption in
specimen was experimentally analyzed and the eeardtdiscussed.
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Microorganism and its Activity

The key point of the present study is to selectdiligable microorganism (bacterial species) andrimarate
into cement mortar for its efficient activation.98ible biochemical reaction in the medium (Stocisstferet
al., 1999) such as urease catalyzed hydrolysis d& toeprecipitate CaCQat a cell surface that provides a
nucleation site is given below:

Urease

CO(NH,), + H,O ——> NH;COOH + NH;,  ——(1)
NH,COOH + HO NH3 + HCOs —@

2NHg + 2H,0 =——=—=2NH," + 20H — (3
20H + H,CO; =——= CO> + 2H,0 —@)
ca* + CO? CaCq — )

As a result CaC@particles were precipitated gradually between ce#rsand matrix and on the surface of the
specimen.

Results and Discussion
Variation of pH and microbial activity

Urease catalyzed hydrolysis of urea to precipi@a€Q at a cell surface was prepared from various cailciu
sources. The pH value increases from 7.4 to 10ithi(w30 hrs) in different calcium sources whicifiom the
presence of bacterial activity. The observed rdswdompared with earlier reported data and thplgis drawn
(as shown in figure 1). The pH value is unalterednewhen time duration increases from 0 to 30hrthén
bacterial culture growth solution in the absencenafroorganism. As time increases, the pH alsoea®es in
the BCGS, BCGS, BCGS and BCG$% as shown in the figure 1. Due to the enrichmeniviae of bio
chemical reaction by the EB microbial bacteria atcmm hydroxide source, a large difference of @ile is
noticed in between BCGS and BCGS

Figure 1. Variation of pH with timein different calcium sour ces of bacterial species
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Microbially Induced Calcium Carbonate Precipitation (M1 CCP)

MICCP in the samples are examined through SEM hednhages from various samples are shown in figure
and 3. Due to many pores in the cement mortar smegi from the figure 2 very minute white CafO
precipitation is observed in the bacteria free ggmaortar (control) specimen. During initial cugiperiod of
microbial cement mortar, the microbial cell get dowtrient from the different curing solution (BCYsSo the
bacterial cells initially grow slowly and adjustéd high pH conditions during curing period. Duricgll
growth, calcite is precipitated on the cell surface within cement mortar matrix. Urea and calcibons on
the surface of the cement mortar specimens, whieated a micro-environment for the growth of thenm
organism; thus calcite particles were precipitatacthe local surface directly and gradually inste&dh the
liquid culture. Due to significant microbial actiyiof EB in the production of CaGQa clear deposition of
white calcium carbonate precipitation on the swefés identified in the bio curing BCG&ment mortar
specimen as shown in figure 3. Also calcium carboparticles are uniform in size and cemented ¢t egher
more tightly giving evident protection to the swdaof the BCGSmicrobial cement mortar specimen. This
enriched MICCP is one of the substantiation toéase compressive strength in the bio curing B€&8ent
mortar specimen.

Comparison of XRD patterns among various treatments

An XRD analysis was employed to determine the atlse form of the crystals. For that each samplese
crushed to an average particle size of less thamit@ons and then the mass absorption coefficiess w
determined by X-ray transmission. The XRD patteaswbtained (figure 4) by scanning sample by&ue is

5 to 90 degree. The components of each sampleideméfied by comparing them with standards essiiald
by the International center for diffraction datéeTquantitative analysis of the control and EBteéapecimen
(BCGS) shows that the induced crystallization charasties peaks [vaterite (V), aragonite (A), calci®)](of
calcium carbonate abalue is around 2627, 28, 36°, 3% and 42. Due to natural existence of minerals in
the control specimen there will be lesser intensftyaterite peaks only observed 8t221.%F, 27.T . The bio
cured BCG$specimen (figure 4) shows high intensity peakschicite (® = 36.7, 39.6, 42.6), aragonite (@

= 26.8) vaterite (® = 21.0, 24.5, 27.3°). Among the four samples, EB treated cement msgacimen shows
high intensity peaks compared to rest of three $ssnghich indicates significant microbial activity induce
CaCQ in the cement mortar specimen (BGES

Figure 2. Bacteria free cement mortar SEM image
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Figure 3. SEM image of BCGS,

Figure4. X-ray diffraction pattern of Control and BCGS, treated specimen
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M easurement of Compressive Strength

Experimentally calculated value for compressiveergjth (load/area) in control specimen, normal amd b
curing EB treated specimens are given in table & dithanced compressive strength percentage of bidtro
cement mortar specimen is compared with the cospretimen and the calculated values are giverbie th
From the observed data the graph is drawn betwesn (ix-axis) and compressive strength (y-axis).ties
duration of the time is increased the compresdiangth also is increased and reaches saturatiae waound
28 days as shown in figure 5. Normal curing micablbement mortar shows less compressive strength atv
the age of 28 days. But enhanced compressive trddgd% is noticed in bio curing BCG8Sement mortar
than control cement mortar specimen. This enhawagdtion in compressive strength confirms the doafty
produced urease in the form of Ca{fdecipitation between cement and sand matrixebeftement mortar
specimen by th&nterobacter microorganism. Because of persistence of nutritioio curing process, the
microbial cement mortar specimen shows higher cesgive strength than normal curing cement mortar
specimens. Also noticeable increasing compresdrangth is observed in bio curing BCGBCGS and
BCGS as 39.41%, 36.00% and 26.01% respectively (tapl®de to the poor activity of EB in other calcium
sources like, BCGS BCGS and BCG$ there is decrease in pH value which in turn reduihe CaC@®
precipitation and this finally reduces the compiresstrength of EB treated microbial cement mosgaecimen.

Table 1. Mix identification and variation of compressive strength of control and different types of
calcium sourcestreated cement mortar cubeswith different ages.

Compressive Strength in N/mm? Per centage increase of Compressive
. Strength with respect to Medium
SNo | Mixid 7 [ 14 [28 [ 60 28
Days
1 Control 24.00 30.00 37.30] 45.81 -
2 BCGS 28.67 40.20 54.00| 55.50 44.80
3 BCGS 31.00 35.60 52.00| 54.20 39.41
4 BCGS 30.00 32.40 48.00| 51.30 36.00
5 BCGS 29.47 32.00 47.00| 50.10 26.01

Figure5. Variation of compressive strength of control and different types of calcium
sources treated cement mortar cubeswith different ages
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Indirect Split Tensile Strength

If the material behavior is linear-elastic, thiogeetry leads to a nearly uniform tensile stresagtbe plane of
loading, and the expected rupture mode is thetigliof the specimen in two halves across thatel&rne
tensile strength is calculated from the formula@iasn below (IS: 5816-1970):

Omax = 2PIIBE————  (6)

where, P- is the maximum applied load to the spegind- is the diameter of the specimen, L- is #rgth of
the specimen. The EB treated cement mortar spesifimemarious calcium sources are (3 specimens ¢h ea
source) are tested by using CUTM and calculatedagesindirect split tensile strength is given ibléa2. It can
be observed that the indirect split tensile stiengtincreasing in the bio cured specimen compgrezbntrol
one. In 60 days, bio cured BCGSpecimen shows inevitable increment in split ferstirength as compared to
the other bio cured EB specimens. A graph is plofigure 6) between time (X-axis) and indirectitsgnsile
strength (Y-axis). In BCGSspecimen around 56% of increased split tensilength is noticed than control
specimen. Due to the significant activity of EB Gpe in the BCGSspecimen, bio chemically induced calcium
carbonate precipitation between cement sand matwixegch intern increase the load resisting capacity

Table 2. Mix identification and variation of tensile strength of control and different types of calcium
sources treated cement mortar specimenswith different ages.

. , . , % increase Indirect Split
< N Indirect SplltN'I;;nnsqlle Strength in TensiIeStrength_ with
No Mixid respect to Medium

7 | 14 | 28 | 60 60
In days
1 Control 2.55 6.11 9.40 10.10 -
2 BCGS 4.30 8.00 10.50 15.80 56.44
3 BCGS 4.22 7.63 10.18 14.60 44.55
4 BCGS 3.80 6.40 9.70 12.50 23.76
5 BCGS 2.70 6.30 9.60 10.24 1.38

Figure 6. Variation of tensile strength of control and different types of calcium sour ces
treated cement mortar specimenswith different ages
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Table 3. Variation of sorptivity with timein control and different types of calcium sources
treated cement mortar specimens.

Curing Tin tn0° Qinkg Q/A k
minutes kg/mm?

0 0 0 0 0
15 3.873 0.001 0.51020 0.13173
30 5.477 0.001 0.51020 0.09315
60 7.746 0.0015 0.76531] 0.0988D
90 9.487 0.0025 1.27551 0.1344p
5 180 13.416 0.0025 1.27551 0.09507
s 300 17.320 0.0035 1.78571 0.10310
g) 480 21.908 0.0045 2.29597 0.10480
1920 43.818 0.0055 2.80617 0.06404
3360 57.966 0.0055 2.80617 0.04841
4800 69.282 0.006 3.06127 0.04418
6240 78.994 0.006 3.06127 0.0387H5
7680 87.636 0.0065 3.31634 0.03784
9120 95.499 0.0065 3.31634 0.03473

0 0 0 0 0

15 3.873 0 0 0

30 5.477 0 0 0

60 7.746 0 0 0
90 9.487 0.00033 0.16837 0.0177b
180 13.416 0.00033 0.16837 0.01255
g 300 17.320 0.00033 0.16837 0.00972
8 480 21.908 0.00033 0.16837 0.00769
1920 43.818 0.00033 0.16837 0.00384
3360 57.966 0.00033 0.16837 0.00290
4800 69.282 0.00033 0.16837 0.00243
6240 78.994 0.00033 0.16837 0.00213
7680 87.636 0.00033 0.16837 0.00192
9120 95.499 0.00033 0.16837 0.00176

0 0 0 0 0

15 3.873 0 0 0

30 5.477 0 0 0

60 7.746 0 0 0
90 9.487 0.0005 0.25510 0.0268p
180 13.416 0.0005 0.25510 0.01901
g 300 17.320 0.0005 0.25510 0.01473
8 480 21.908 0.0005 0.25510 0.01164
1920 43.818 0.0005 0.2551( 0.00582
3360 57.966 0.0005 0.2551( 0.00440
4800 69.282 0.0005 0.2551( 0.00368
6240 78.994 0.0005 0.2551( 0.00323
7680 87.636 0.0005 0.2551( 0.00291
9120 95.499 0.0005 0.2551( 0.00267

586
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Curing | Tin minutes | t** | Qinkg | Q/A kgmm* k

0 0 0 0 0

15 3.873 0 0 0

30 5.477 0 0 0

60 7.746 0 0 0
90 9.487| 0.000383 0.51020 0.05378
180 13.416 0.00033] 0.51020 0.03803
g 300 17.320 0.00033| 0.51020 0.02946
8 480 21.908 0.00033] 0.51020 0.02329
1920 43.818 0.00033| 0.51020 0.01164
3360 57.966 0.00033| 0.51020 0.00880
4800 69.282 0.00033| 0.51020 0.00736
6240 78.994 0.00033| 0.51020 0.00646
7680 87.63G 0.00033] 0.51020 0.00582
9120 95.499 0.00033] 0.51020 0.00534

0 0 0 0 0

15 3.873 0 0 0

30 5.477 0 0 0

60 7.746 0 0 0

90 9.487 0 0 0
o 180 13.416 0.00050] 0.25510 0.01901
8 300 17.320 0.00100{ 0.51020 0.02946
8 480 21.908 0.00100] 0.51020 0.02324

L
>
)
1920 43.818 0.00100[ 0.51020 0.01164
3360 57.964 0.00100/ 0.51020 0.00880
3
3
1
)

4800 69.282 0.00166] 0.84694 0.01222
6240 78.994 0.00200] 1.02041 0.01292
7680 87.63G 0.00200] 1.02041 0.01164
9120 95.499 0.00200] 1.02041 0.0106¢

Sor ptivity Test -Coefficient of absorption

The thickness of the calcite layer on the surfatéhe cement mortar specimen was measured under a
metallographic microscope and the thickness of filmthe top surface of the cement mortar specimas w
found as 90pm. The precipitation of Caf@otective layer effect was characterized by thpilary water
absorption of surface-treated cement mortar spewraad reduction in the percentage of water alisorpthe
effects of different curing methods by EB in vasowgalcium sources of cement mortar specimens were
compared for the percentage of reduction of thdlaapwater absorption. As shown in table 3, itsa@bvious

that the capillary water absorption of the bio sgrBCGS cement mortar specimen cubes was finally reduced
by 13 times in comparison with the control cemeanttar specimen. This was mainly due to a denserfatial
zone formation of calcite precipitation between teenent and sand matrix by the bacteria chosere&b the
specimen. Not only could nutriment be fully supglie the bio curing, but the amount of oxygen nelefie
bacterial growth was also available in the envirenm Thus the micro-organisms supplied by bio @urin
process have good growth conditions in the micndrenment and produce some urease to hydrolyze the
enzyme urea fully so that the calcite layer islfinprecipitated gradually. Then the sorptivity &ogent (k), is
obtained by using the expression Q/A="k where, Q - amount of water absorbed, A - crostigeof the
specimen that is in contact with water and t - tifitee graph (figure 7) is drawn in between squact of time

(x -axis) and Q/A (y-axis). Finally the k valueg atetermined from the graph and are given in tablEhere is
drastic water infiltration takes place up to 80 m@s in the control specimen as shown in figurBut.in the

EB treated BCGSmicrobial cement mortar specimen shows negligifdéer absorption even at the initial time
up to 20 minutes than the other (BGGBCGS, and BCG9 bio curing microbial cement mortar specimens.



V Senthilkumar et a//Int.J. ChemTech Res.2014,6(1),pp 578-590. 588

Figure 7. Rate of water absor ption with timein control and different types of calcium
sour ces treated cement mortar specimen
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Influence of acid on microbial cement mortar specimen

After the 28 days curing process (normal and bin® prepared cement mortar cubes in different aalciu
sources are weighed then submerged into the pickttution (1:1) of water and hydrochloric acid (H&ong
with hexamine for 28 days. Then the final weightath bio treated and control specimens are céécund
the weight loss is derived from the differencerofial and final weights, and the flow chart is wra(figure 8)
from the obtained results. The influence of acidtms microbial cement mortar specimens are compaitd
control specimen. From the figure 8 it can be cotetl that the bio treated specimen shows less weighin
water than the acid medium. In the water mediure, o treated specimen has ~50% of less weightdess
compared to control specimen. In acid medium, tk&B, and BCG$S specimen shows less (~58%) weight
loss percentage while compared to BGGSABCGS, specimens (~82%) with control specimen. Microbially
induced CaC@precipitation in the cement mortar act as a resssiurface area to the hazardous material
infiltrations and it reduce the deterioration oh@nt mortar surface. Hence less weight lose isrebderom
the microbial cement mortars compared to control.

Table 4. Mix identification and weight loss per centage of different types of calcium
sour ces treated cement mortar specimen in acid and water medium.

Initial Weight Final Weight o
SNO Mix id (grams) after 28 days L oss of weight (%)
(grams)

Water Acid Water Acid Water Acid
1 Control 855.00 | 856.70| 830.00 756.7D 3.01 13.32
2 BCGS 826.70 | 826.70| 816.70 766.70 1.272 7.83
3 BCGS 826.70 | 826.70| 816.70 766.70 1.272 7.83
4 BCGS 828.60 | 827.50| 816.00 747.50 1.54 10.70
5 BCGS 826.70 | 823.30] 811.7( 740.0D 1.85 11.26
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Figure 8. Weight loss per centage of different types of calcium sour cestreated cement
mortar specimen in acid and water medium.
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Conclusions

Bacterial deposition of a layer of calcite on thaface of the cement mortar specimens resultechén t
enhancement of the compressive strength and decoéaspillary water uptake compared to controcspen.
Thus presences of Cagyer prevented the penetration of water and diheardous substance, and created a
more stable and environmentally friendly situatibhe present study investigated microbial methailsguEB
bacteria and the nutriment on the surface of thmec¢ mortar specimens, creating a microenvironnfient
growth and reproduction of bacteria. Thus a calayer is gradually precipitated on the surface¢hef cement
mortar specimens after 7 days which reduced itsllagpwater absorption in the BCGSement mortar
specimen up to 13 times in comparison with theaated cement mortar specimen. The results showst tha
was possible to apply a bio-film (Cag@yer) at a desired location and cracks also wared in the existing
building. From the durability studies, ie., weidbss reveals that bacterial cement mortar haswesght loss
than the conventional cement mortars. Then the attetk is also considerably reduced on the miatobi
cement mortar specimens. So microbial techniqueiges the basis for an alternative and high qesliti
cement mortar sealant with cost effective and axadlytwill enhance the durability of the buildingaterials.
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